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[57] ABSTRACT

In an identification system based on reflection of radar
signals from a bit-coded transponder, the received sig-
nals are processed to remove unwanted signals and
noise from the required, reflected and recetved signals
that have a recurrent cycle. The reflected signals are
extremely weak in relation to the unwanted signals and
noise. A random bit sequencer and a time slot generator
are used to generate a single phase modulated pulse
train which is transmitted by an RF transmitter. The
pulse train signal is received and reflected from a coded
passive transponder back to a comparable receiver. The
receiver demodulates the incoming reflected signal and
directs the demodulated signal to an integrator array.
An inverted signal from the receiver is also utilized.
Synchronization of the transmitted and received signals
is performed through a shift register while the bit se-
quencer controls a second integrator array. In this way,
the unwanted signals and noise associated with the low
power reflected signal is substantially eliminated.

14 Claims, 4 Drawing Sheets
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METHOD FOR PROCESSING TRANSMITTED
AND REFLECTED SIGNALS FOR REMOVING
UNWANTED SIGNALS AND NOISE FROM
WANTED SIGNALS

FIELD OF THE INVENTION

The inventton concerns a method for processing sig-
nals in an identification system.

BACKGROUND OF THE INVENTION

The invention 1s designed for application in an identi-
fication system that consists of a transmitter, a mobile
bit-coded passive transponder that produces identifica-
tion, and a receiver unit that in combination make up a
processing system.

The transponder can be realized by means of SAW
technology (Surface Acoustic Wave). This is a technol-
ogy with many advantages for such an application, it is
inexpensive, straightforward to produce, requires no
maintenance, and is independent of external power
sources etc. However a transponder realized in accor-
dance with this technology has a characteristic which
initially has one drawback: the high insertion loss. This
means that the reflected return signal is weak in relation
to the incoming interrogator pulse. The disadvantage is
intensified as the transmitter unit utilizes a low output
radar to meet the beam output requirements in the fre-
quency used.

The combined result is that the output of the required
return signal to the system’s receiver unit 1s very low In
relation to the unwanted signals, noise and the inherent
noise in the receiver itself.

The traditional method for processing signals to im-
prove the signal/noise ratio for the applications men-
tioned 1s to digitalize the reflected signal directly with
an A/D converter and follow this by digital processing.
The processing 1s done by averaging the digital values
of the analog signals for several repeated return signal
cycles. This will improve the signal/noise ratio because
the required signal is identical for each cycle whilst the
noise 1s different. On the other hand, this method neces-
sitates a powerful digital processing unit. The unit has
to be fast and have substantial calculating power to
average an adequate number of cycles. At the same
time, the A/D converter must be one of the fastest and
most advanced types available. This solution means that
the technology used clearly limits how efficient the
processing 1s. This will also necessitate the use of expen-
sive digital processors and A/D converters.

Another traditional method which is used in radar
technology is using delay lines so that a signal is delayed
one cycle and averaged by adding these signals analo-
gously. This method has one limitation that the number
of averages that can be made is very restricted and there
is no synchronization with the cycle. |

U.S. Pat. No. 3,706,094 describes a receiver for a lo
output radar surveillance system, where the receiver
consists of equipment for analog processing of received,
recurrent pulse signals whereby each pulse signal is
divided up into a certain number of time slots in gate
control circuits. Further, the signal from each gate
circutt is led to an integrator for the recurrent integra-
tion of the pulse signals as the repetition frequency of
the pulse signals is considerably higher than the integra-
tor’s low-pass filter frequency. The pulse signal can be
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reconstructed from the responder by reading the output
from the integrator.

SUMMARY OF THE INVENTION

The main objective of the present invention is to
create a safe means of recognizing a radar signal which
1s reflected from a passive, coded transponder by the
phase modulation of the transmitted signal.

This can be done by implementing the method stated
in Claim of 1. Other aspects of the invention are stated
in the remaining claims of patent.

The present invention can be distinguished from the
technique adopted in the patent specification referred to
by the fact that the present invention utilizes interaction
between the transmitted and reflected signals. This is
done by a random binary digital sequence which modu-
lates the transmitted signal, and employing the same bit
sequence when the demodulated reflected signal is to be
recognized. This generates a large number of phase-
modulated pulse trains, which are preferably different.
This 1s achieved by dividing the above-mentioned ran-
dom bit sequence and using these divisions of the ran-
dom bit sequence to lead the demodulated reflected
signal into a storage medium such as an integrator link
that is designed so that the medium will contain values
from the means of the required signals, whilst the un-
wanted signals and noise are greatly reduced.

The technique used in the invention consists of an
analog averaging of the signal before it is digitalized.

This has several advantages over traditional tech-
niques. A huge processing capacity can be achieved
using only completely conventional, commercially ac-
cessible, inexpensive components. This results In a
speed and averaging capability for recurrent cycles that
is far in excess of any of the above-mentioned traditional
approaches. At the same time, the lower reading rate
will mean that type of A/D converter and later the
digital processing unit can be used so that this will be
commercially attractive.

As a bit sequence 1s used both for the transmission to
modulate the transmitted signal and for the receiver to
control the storage and average the demodulated, re-
flected signal, all types of noise and unwanted signals
are reduced significantly compared to the required sig-
nal. Since the above bit sequence is part of a random bit
sequence, noise and unwanted signals will be greatly
reduced even if they are part of an unfavorable recur-
rent cycle.

It is also possible to achieve better transmission by
using phase-modulated and preferable different pulse
trains instead of a single pulse, where the increased

length of a pulse train is limited ahead by the time of the
first reflected pulse train.

BRIEF DESCRIPTION OF THE DRAWINGS

An example of the design of the invention will be
given with reference to the illustrations.

FI1G. 1 1s a block diagram of one means of designing
the invention which includes the main components;

FIG. 2 shows a more detailed presentation of the
transmitter unit in this particular design;

FIG. 3 shows a more detailed presentation of the
receiver- and decoder unit in this particular design;

FIG. 4 shows a chronological presentation of the
transmitted and reflected signals in this design of the
invention. '
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DETAILED DESCRIPTION OF THE
INVENTION

The design in FIG. 1 consists of a transmitter unit 11,
an identification chip 12 which could for example be a
passive SAW transponder, and a receiver unit 13 which
1S connected to an array 16 of integrator sections. A
device 14 creates a random bit sequence which is fed to

the transmitter unit 11 and a shift register 17 connected
to the integrator array 16. A device 15 forms a signal
with time boundaries which is fed to the transmitter unit

11 and the shift register 17.

The design functions as follows: The transmitter unit
11 transmits a phase-modulated pulse train which is
received and reflected by the coded transponder 12, so
that the reflected signal consists of a series of pulse
trains and spaces where there are no pulse train, which
together form an identity that equates the transponder
code, which also consists of phase-modulated pulse
trains. The required signal is picked up by the receiver
13 which then demodulates it and sends it to an integra-
tor array 16, this is controlled by the above-mentioned
bit sequence from device 14 together with the time slot
from device 18.

FIG. 2 gives a more detailed presentation of the
transmitter unit. This consists of an oscillator 21 which
forms a fixed frequency signal. This signal is phase-
modulated by a random bit sequence from device 14.
Once modulated, the signal is divided up into pulse
trains by means of a gate device 23, controlled by the
time slots from device 15. The pulse trains are then
amplified by an amplifier 24 prior to transmission.

FIG. 3 shows a more detailed presentation of the
receiver- and decoder unit. The signal is demodulated in
a receiver 13 into a time- and phase-coded signal 31a,
superimposed upon unwanted noise. In this example of
the invention the signal 31a enters a switch 36¢ which
leads the signal 31a into an integrator section 37. This
integrator section 37 can, for example, be an RC filter
with a high time constant compared to the individual
signal cycles (e.g., 10,000 times greater).

The bit sequence from device 14 and the time slot
signal from device 15 form the input to an AND-gate
32a, where the output goes to a shift register 33a, which
then receives exactly the same bit sequence as that used
in the transmitter to form the phase-modulated pulse
train. This bit sequence is then clocked along the shift
register 33¢ by means of an external clock signal (not
illustrated on the figure). It is possible to obtain a signal
from different positions on the shift register 33q, i.e.,
after certain intervals of time after the signal has been
fed into the shift register 33a. When the time interval
which equates the time delay for the first bit on the
transponder 12 has elapsed, the signal 1s removed from
the shift register and used to control the switch 364 that
opens or closes for the demodulated signal 31a from the
receiver 13 and in to the integrator section 37.

The signal 31a can be inverted by means of an in-
verter 34 to a signal 31b, which is also fed into the
integrator section 37. This is done by feeding the ran-
dom bit sequence 14 through an inverter 35 to another
shift register 33b and removing it at an equivalent posi-
tion to the first shift register 33a and controlling the
switch 366 so that it opens or closes for the inverted
signal 315 into the integrator section 37. Both switches
36a and 366 can be controlled for instance so that a
logical “1” in bit sequence 14 opens the switch for the
non-inverted signal 31lg from the receiver and the
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switch for the inverted signal 31 closes; if a logical “0”
occurs in the bit sequence 14, the opposite will occur.

In the time interval where pulse trains are not formed
from the transmitter 13 because the signal from device
15 has a logical value of “0”, the AND-gates 324 and
325 will always have a logical “0” in their output, this
ensures that both switches 36a¢ and 3656 will be open to
hinder unwanted noise from entering the integrator

section.
The integrator array 16'is formed from a number of

integrator sections 37, which typically equate the num-
ber of bits or the multiple of the number of bits in the
reflector device 12. The individual integrator sections
37 can be read whenever the required number of pulse
trains have been processed. This reading can be done
asynchronically without any attention having to be paid
to anything that has happened previously.

FIG. 4 shows a chronological presentation of how
two pulse trains are transmitted from the transmitter 11
and are reflected from the transponder 12, in an exam-
ple where the transponder 12 has a resolution of four
bits. Here the transponder 12 is coded with the bit se-
guence 1101.

The first pulse train 41¢ is a phase modulated signal
which is modulated by the first part of a random bit
sequence from device 14, with a length determined by
the time slot formed by device 18. The first pulse train
41a i1s received by the transponder 12 and reflected
where it is coded to logical “1”. As the transponder in
this example has the code 1101, the reflected signal will
form a pattern as shown in 415 where bit 1, bit 2 and bit
4 reflect a pulse train, whilst bit 3, which has the logical
value of “0”, will not reflect any signal. The reflecting
pulse trains 415 can and will overlap each other in the
various bit positions without this having any negative
consequences on the result.

Once the last reflected pulse train is received, the
second pulse train will be transmitted. This pulse train is
phasemodulated by another part of a random bit series,
different from that in the first pulse train, from device
14 activated for a certain length of time decided by the
time slot in device 18. This second pulse train 424 is then
reflected from the transponder 12 as in the first case,
thus forming a row of reflected pulse trains 42b.

A large number of pulse trains, equivalent to pulse
trains 41a and 42a, all phase modulated in different
ways, can be transmitted, reflected, and led into the
integrator array 16 so that the required signal is aver-
aged and unwanted signals that are random and asy-
chronous will be greatly reduced.

I claim:

1. A method in an identification system, wherein a
radar signal is transmitted from a transmitter, said signal
is arranged to be received by a mobile, bit-coded identi-
fication transponder which returns a coded signal that is
received by a receiver; the received coded signals are
processed in order to remove unwanted signals and
noise from the reflected, coded and wanted signals,
wherein a pseudo-random bit sequence 1s used, charac-
terized by comprising the steps of:

phase modulating the radar signal with a pseudo-ran-

dom bit sequence,

dividing the modulated radar signal in time slots,

forming a pulse train, which is transmitted,
passively reflecting from the transponder the trans-

mitted pulse train signal, said transponder being

encoded with binary coded information, and the
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reflected pulse train is modulated with the binary
code of the transponder,

said receiver receiving and demodulating the re-

flected, coded pulse train signal using the same
pseudo-random bit sequence and same time slots as
were used at transmission, both of which being
time delayed in order to demodulate the reflected
pulse train signal to store, average and process the
identification code from the bit-coded transponder
for individual recognition.

2. A method in accordance with claim 1, character-
1zed by said random bit sequence that is formed is differ-
ent for each recurrent cycle.

3. A method 1n accordance with claim 1, character-
ized by the said binary-coded device reflecting the said
pulse train signal at different times by means of the
various bit positions in the device.

4. A method in accordance with claim 1, character-
ized by the demodulated signal being fed into a storage
medium where the discrete values in the random bit

sequence are able to control a device that opens for

signals with a given bit value, and closes for signals that

have the inverse value.

5. A method in accordance with claim 1, character-
ized by the random bit sequence being fed through a
device that delays the values in time so that they are
synchronized with the reflected signal.

6. A method in accordance with claim § character-
1zed by the random bit sequence passing through a
logical AND-gate operation prior to the delay device so
that the storage device 1s blocked for signals outside the
periods that equate the reflected pulse train.

7. A method in accordance with claim 1, character-
ized by the inverse demodulated signal being fed into
the said storage medium, controlled by the inverse val-
ues of the said random bit sequence.

8. A method in accordance with claim 1, character-
1zed by the said storage medium including the capability

of storing a number of values which correspond to the
number of bits in the reflecting device.

9. A method 1n accordance with claim 1, character-
ized by the said control signal being able to be extracted
and used at different points in time, corresponding to

the positions of the different bits in the reflecting de-

vice.
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10. A method in accordance with claim 1, character-
ized by the said storage medium being designed so that
a recurrent cycle of the received, demodulated and
stored signal cycles are averaged over time.

11. A device for filtering high frequency radar signals
comprising; |

a transmitter unit comprising an oscillator means and

a generator means for generating a pseudo-random
bit sequence, said transmitter unit being arranged
to transmit a signal; |

a remote binary coded transponder capable of reflect-

ing at least a part of the transmitted signal;

a receiver unit arranged to receive and demodulate

the transponder reflected signal; and

a controllable storage unit attached to said receiver

~ unit;
characterized by the generator means of the transmit-
ter unit being arranged to phase modulate the sig-
nal from the oscillator means, and the transmitting
unit further comprises a time interval generator
means, arranged to divide the phase modulated
signal into a pulse train for transmission,
the transponder is individually binary coded to reflect
a pulse train modulated with this code, and

the random bit sequence generator means and the
time interval generator means are connected to at
least one AND- gate having an output to at least
one shift register, which is arranged to control the
transmitter connected controllable storage me-
dium.

12. A device according to claim 11, characterized by
an mvertor means 1s connected to the reflected, demod-
ulated signal, and a second invertor means is connected
to the random bit generator means for controlling the
passage of the demodulated inverted signal to the stor-
age medium. |

13. A method in accordance with claim 1, character-
ized by the said storage medium including the capability
of storing a number of values which correspond to the
multiple of the number of bits in the reflecting device.

14. A method in accordance with claim 1, character-
ized by the said control signal being able to be extracted
and used at different points in time which correspond to
the multiple of the time delays between the bits in the

reflecting device.
* % * % X%
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